Background and aims: Small bowel submucosal lesions (SBSL) and innocent bulges may have an identical appearance and be difficult to distinguish on small bowel capsule endoscopy (SBCE). Recently, Girelli et al. proposed a score, smooth, protruding lesion index on capsule endoscopy (SPICE), in order to differentiate between the two. We aimed to evaluate and validate SPICE as a differentiation method between innocent bulges and SBSLs.
INTRODUCTION
Small bowel malignant tumors are some of the rarest neoplasms arising from the gastrointestinal (GI) tract. Taking into account that the small bowel comprises about 70-80% of the length and 90% of the surface area of the alimentary tract, it is interesting to note that they represent only 1-3% of all primary GI tumors (1) (2) (3) . The overall incidence of small bowel cancer was estimated to be 26.1 per million in men and 17.7 per million in women in a large US population-based study (4) , but recent evidence suggests that it is increasing, both in the US (5, 6) and Europe (7, 8) .
Due to nonspecific or absent symptoms and clinical signs, the diagnosis of small bowel tumors (SBTs) is often delayed. Patients commonly present with disseminated disease, and complications such as bleeding, intestinal obstruction or perforation at presentation (9) (10) (11) (12) (13) . Since prompt diagnosis and treatment may improve the prognosis of patients suffering from this condition, early detection of suspicious lesions is critical to an adequate clinical approach.
In the past few years there has been a lot of development in small bowel endoscopic and radiologic techniques, allowing full visualization of the small intestine. At least part of the increase in small bowel cancer incidence may be explained by this marked improvement in diagnostic methods. Among these, capsule endoscopy (CE), which was introduced into practice in 2001, assumes a more significant role. It is a noninvasive, painless and radiation-free tool, able to provide complete visualization and high-quality images of the small bowel and its mucosa, hence it has rapidly gained acceptance as a standard method for small bowel evaluation. It has a higher diagnostic yield and sensitivity than other radiologic modalities for SBTs, providing earlier diagnosis and treatment (14) (15) (16) (17) . In the largest database published so far concerning SBTs detected by CE (124 tumors with 5,129 capsule procedures performed), Rondonotti et al. reported a 2.4% prevalence of SBTs (18) . In other series, SBTs were found in 8.9% (Cobrin et al. [19] ), 6 .3% (Bailey et al. [20] ), 2.5% (Urbain et al. [21] ) and 4.3% (Cheung et al. [22] ) of cases. When performed to explore obscure bleeding, the main form of presentation of SBTs (23) , the sensitivity for SBT diagnosis is 89-95%, with a specificity of 75-95% (24, 25) .
The main limitation of small bowel capsule endoscopy (SBCE) is the impracticality of the technique, namely the inability to take biopsies, to perform therapeutic interventions, and to handle the capsule during the examination. Another drawback of SBCE is represented by the difficulty in distinguishing a submucosal lesion from an innocent bulge, a smooth protrusion of normal mucosa resulting from loop angulation and/or the impression of an adjacent loop. Up to half of the most common histological types of small bowel cancer, namely adenocarcinomas, neuroendocrine tumors, lymphomas and sarcomas (9, 23) , can appear endoscopically as smooth, round, protruding lesions (18) . To determine the nature of small bowel protrusions on CE, Shyung et al. described a scoring system composed of five suspicious characteristics: bleeding, mucosal disruption, irregular surface, color, and white villi (26) . However, when these signs are not present, innocent bulges and submucosal lesions may look very similar and the later can be missed when their overlying mucosa is intact. In fact, evidence is growing that CE can miss a significant number of tumors in the small bowel (15, (27) (28) (29) (30) . Moreover, Sato et al. showed that recent chromoendoscopy techniques, namely flexible spectral imaging color enhancement (FICE), are not particularly useful for improving the detection of tumors on CE (31) .
Taking all this into consideration, the importance of finding new tools to improve the diagnosis of small bowel lesions is fundamental. In a previous retrospective and observational study, Girelli et al. identified four morphologic and temporal criteria that characterized innocent bulging: a mass with ill-defined boundaries, diameter larger than its height, nonvisible lumen in the frames in which it appears and mass image lasting less than ten minutes (32) . Based on these criteria the same authors developed a scoring system called SPICE (smooth, protruding lesions index on capsule endoscopy), aimed at discriminating submucosal masses from innocent bulges (33) ( Table I) . SPICE proved to be accurate in distinguishing both of them when suspicious characteristics are lacking; a score greater than two showed a sensitivity of 83.3% and a specificity of 89.4% and was predictive of small bowel malignancy. Recently, the European Society of Gastrointestinal Endoscopy cited the score in their clinical guidelines, highlighting that further validation and validation studies are needed (34) .
In the present study we aimed to evaluate and validate this recent scoring system as a method of to differenciate submucosal lesions of the small bowel from innocent bulges.
MATERIAL AND METHODS

SPICE classification
As previously mentioned, an innocent bulge is associated with the following characteristics: an ill-defined boundary with the surrounding mucosa, a diameter larger than its height, nonvisible lumen in the frames in which it appears, and an image lasting less than ten minutes (32) . SPICE classification was accomplished using the same principles as in the original article by Girelli et al.: the three morphological criteria were measured in the frame(s) allowing a better characterization of the variable of interest, while the temporal criterion was measured from the first to the last frame in which the protrusion appeared; the lumen was considered as visible when at least three consecutive small bowel folds were seen; lesion diameter and height were roughly estimated and, in doubtful cases, a ruler was applied on the screen to perform an exact measurement. SPICE was calculated by summing the number of unfulfilled criteria for innocent bulges (Table I) , then we tested whether or not this scoring system was able to distinguish submucosal masses from innocent bulges.
Study design
All consecutive CEs performed in our department, between January 2005 and September 2015, were evaluated, and the ones with a smooth, round protruding lesion of any size in the small bowel, namely between the pylorus and ileocecal valve, independently of the duration of the image of the protrusion, were selected. Only patients who had been studied with upper endoscopy and colonoscopy prior to CE were included. Patients with no follow-up were excluded, follow-up was considered as having at least one appointment and another diagnostic study of the small bowel, endoscopic (enteroscopy) or radiologic (computed tomography enterography, magnetic resonance enterography and/or barium study of small bowel) after the CE. Other exclusion criteria included: the presence of suspicious characteristics (such as erythema, bleeding, mucosal disruption in the form of erosion or ulcer, irregular surface or exudates) or other signs normally reported in submucosal lesions (such as converging folds and abnormal vascularity) on the protrusion, technical capsule failures, poor small bowel visualization and staging of polyposis syndromes.
A video clip comprising all the protrusion time intervals was created and anonymized. SPICE was assigned blindly and independently by two experienced endoscopists; any disagreement on the final score was resolved by consensus after video re-evaluation.
Relevant clinical information was retrospectively collected from medical records, including demographic characteristics, other findings detected on CE besides protrusion lesions, and reports from other diagnostic studies subsequently performed. The final diagnosis of each lesion was the standard criterion that was subsequently matched with the total SPICE scores of each video.
Table I. SPICE criteria
No Yes
Ill-defined boundary with the surrounding mucosa 1 0
Diameter larger than its height 1 0
Visible lumen in the frames in which it appears 0 1
Image of the lesion lasting more than 10 minutes 0 1 SPICE: Smooth protruding lesions index on capsule endoscopy. The final score is obtained by summing the scores of each item.
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Diagnostic definition
Protrusions with a final histologic diagnosis or pathognomonic endoscopic features were considered as small bowel submucosal lesions. Apparent lesions detected on the initial CE, not confirmed on the subsequent study and with no specific symptoms or clinical signs on the subsequent appointment(s) were considered as innocent bulges.
Capsule endoscopy
The Given ® Video Capsule system and the MiroCam ® Video Capsule system were used in the study. Written informed consent was obtained from all patients. CE studies were carried out according to our department protocol, which includes an overnight fast, suspension of iron supplements eight days before the procedure and a liquid diet in the last meal. After capsule ingestion, patients were allowed to eat a light snack four hours later. Patients were evaluated with real-time view 30 minutes after capsule ingestion, and a prokinetic agent (metoclopramide) was administered when the capsule was found in the stomach.
Statistical analysis
Statistical analysis was performed using the IBM ® SPSS ® Statistics software (SPSS Inc., Chicago), version 23.0.
Categorical variables are presented as frequencies and percentages while continuous variables are presented as means and standard deviations (SD) for variables with normal distributions, or medians and interquartile ranges (IQR) for variables with skewed distributions. Normal distribution of the data was tested with Kolmogorov-Smirnov and Shapiro-Wilk tests or via analysis of skewness and kurtosis (maximum tolerable values of skewness and kurtosis of 1). Categorical variables were compared using the Chi-squared test or Fisher's exact test, as appropriate, while continuous variables were compared using the Student's t-test for variables with normal distributions or non-parametric tests (Mann-Whitney) for variables with skewed distributions. Odds ratios (OR) with a 95% confidence interval (CI) were also calculated.
All reported p values are two-tailed, with a p value of 0.05 indicating statistical significance.
Sensitivity, specificity, negative and positive predictive values (NPV and PPV, respectively) and the area under the receiver operating characteristic curve (AUC) were calculated for a SPICE cut-off value of 2. The 95% confidence intervals (CIs) were included for sensitivity, specificity, PPV, NPV and AUC.
RESULTS
During the study period our department performed 467 SBCEs, of which 61 (13.1%) presented with a round, smooth protruding lesion. Thirty-one capsule endoscopies were excluded from subsequent analysis due to the following reasons: absence of follow-up (n = 2); presence of suspicious characteristics or characteristics normally reported in submucosal lesions (n = 24); poor visualization of the small-bowel (n = 1); technical failure (n = 1); and staging of polyposis syndromes (n = 3). Ultimately, 30 videos (6.4%), corresponding to 28 patients, fulfilled the enrolment criteria (Fig. 1) . Multiple round, smooth protruding lesions were not found during the same procedure. The capsule reached the colon in all 30 (100%) examinations.
Diagnosis
Twelve of the 30 selected protrusions (40.0%) were considered to have a final diagnosis of SBSL; this included four gastrointestinal stromal tumors (GIST), two neuroendocrine tumors (NET), four lipomas and two polypoid lymphangiectasias. All SBTs, namely GISTs and NETs, accounting for 20.0% of the selected protrusions, were diagnosed after resective surgery and subsequent histological analysis. The diagnosis of lipoma and lymphangiectasia was considered after visualization of characteristic findings with single-balloon enteroscopy. The final diagnosis of the protrusions classified as innocent bulges (n = 18, 60.0%) was considered after a variable combination of several diagnostic studies, including barium studies of the small-bowel, computed tomography enterography, magnetic resonance enterography, and/or single-balloon enteroscopy associated with an uneventful follow-up.
Patients
The mean age of patients was 54.5 ± 18.3 years and 50.0% (n = 15) were female (Table II ). The age of the patients was significantly higher in the SBSL group (64.5 ± 11.4 years) than in the innocent bulge group (47.8 ± 19.2 years); p = 0.011. There was a significant association between female gender and the diagnosis of a small bowel lesion; p = 0.025 (OR = 6.0; 95% CI, 1.2-30.7).
Indication
The indications for SBCE in the selected patients were: unexplained iron deficiency anemia (n = 13, 43.3%), obscure GI bleeding (n = 8, 26.7%), suspected Crohn's disease (n = 4, 13.3%), abdominal pain (n = 3, 10.0%) and primary neoplasia screening (n = 2, 6.7%). There was a significant statistical association between the group of patients who underwent the procedure due to anemia or obscure GI bleeding (100.0% in the SBSL group vs 50.0% in the bulge group) and the diagnosis of a lesion; p = 0.004.
Follow-up
The overall median follow-up time was 45.4 ± 44.3 months and 54.3 ± 48.9 if we consider only the innocent bulge group.
Localization
Considering the localization of the protrusions through the small bowel, we found one (3.3%) localized in the duodenum, 13 (43.3%) in the jejunum and 16 (53.3%) in the ileum. There was no significant difference between the final diagnosis of the groups regarding the localization of the protrusions; p > 0.05.
SPICE evaluation
Analyzing the four criteria that constitute SPICE (Table  III) , there were significantly more protrusions in the innocent bulge group (n = 16, 88.9%) compared to the lesion group (n = 2, 16.7%) they had ill-defined boundaries; p < 0.001 (OR = 40.0; 95% CI, 4.8-331.0). With regard to the shape, 88.9% (n = 16) of the protrusions in the innocent bulge group had a diameter larger than its height vs 25.0% (n = 3) in the SBSL group, thus there was also a significant association between the second SPICE criteria (protrusion diameter larger than its height) and the diagnosis of an innocent bulge; p = 0.001 (OR = 24.0; 95% CI, 3.4-171.5). On the other hand, no differences between the absolute diameter of the protrusions on the SBSL group (10.4 ± 4.7 millimeters) and those of the innocent bulge group (11.6 ± 2.2 millimeters) was found; p = 0.449. There was no difference between the bulge and lesion groups regarding visualization of the lumen in the same frames of the protrusion (n = 3, 83.3% vs n = 2, 83.3%); p = 1.000. Likewise, no association between the final criteria of SPICE, protrusion time interval higher than ten minutes, and the final diagnosis (n = 2, 11.1% in the bulge group vs n = 2, 16.7% in the lesion group) was found; p = 0.661. Furthermore, the absolute protrusion time interval did not differ significantly between the SBSL (median = 74.0; IQR = 10.0-209.0 seconds) and the innocent bulge groups (median = 136.5; IQR = 36.5-350.0 seconds); p = 0.553. SPICE scores ranged from 0 to 4 ( Fig. 2) and were significantly higher in the SBSL group (2.58 ± 1.00) than in the innocent bulge group (1.17 ± 0.71); p < 0.001. Adopting the suggested cut-off value > 2, SPICE had a sensitivity of 66.7% (95% CI, 34.9-90.1%); specificity of 100.0% (95% CI, 81.5-100.0%); positive predictive value of 100.0% (95% CI, 63.1-100.0%) and negative predictive value of 81.8% (95% CI, 59.7-94.8%). The area under the receiver operating characteristic curve was 0.88 (95% CI, 0.73-1.00), p < 0.001 (Fig. 3) .
Characteristics of SBSL and innocent bulge groups are summarized in table II.
DISCUSSION
Small bowel research has been considered to be the final frontier for endoscopists. Since the release of CE about 15 years ago, the diagnosis of multiple small bowel diseases was revolutionized. However, equivocal findings are not uncommon and diagnostic dilemmas persist. The endoscopist has to make a diagnosis commonly based on a short video segment, lesions cannot be touched and biopsy specimens cannot be obtained. Additionally, the sensitivity of SCBE is not perfect as it can miss different types of lesions. In the last few years, several reports proved that CE can miss a significant number of tumors in the small bowel, with a miss rate of approximately 20% (15, (27) (28) (29) (30) . There are many potential reasons for this disturbing false-negative rate of SBTs. These include: a limited field of vision, a non-continuous image capture, collapsed bowel or folds and loop angulations that hide lesions, poor bowel cleansing, and incomplete studies. In addition, tumors are of small bowel mass lesions by this modality remains a challenge and the differential diagnosis between masses and bulges is not straightforward. A consensus group in 2007 proposed a classification of mass lesions of the small bowel that could define the probability of a tumor (high, intermediate or low) depending on major signs (bleeding, mucosal disruption, irregular surface, polypoid appearance and color) and minor signs (delayed passage, white villi and invagination) (35) . This classification would subsequently guide the management of patients with suspected SBT. When these endoscopic features are absent, bulges and masses may look very similar, and based on this assumption, Girelli et al. identified four criteria (three morphologic, one temporal) that permitted the distinction of these two entities (32) . Combining these criteria, they created a score, SPICE (smooth, protruding lesions index on capsule endoscopy) that proved to be accurate in distinguishing submucosal masses from innocent bulges; to better understand its real clinical importance, further validation studies are needed (33) .
In the present study the prevalence of selected smooth, round, protruding lesions was 6.4%, identical to previous reports. Of these, 40% were considered as a small bowel submucosal lesion and 20% as a submucosal tumor, a figure also similar to previous data. The histologic type of diagnosed tumors, GI stromal and neuroendocrine tumors, was also in some way expected considering that these are two of the most common small bowel tumors and that they arise from the subepithelial layers of the bowel wall (9) . As typically unifocal, hence more likely to be missed than diffuse lesions; finally, mass lesions located in the proximal small bowel may be missed on the basis of capsule velocity or tumble. These findings suggest that, despite the major advances in small bowel examination by CE, the detection Fig. 2 . Examples of smooth, protruding lesions on capsule endoscopy. A. SPICE 0-1: this protrusion has an ill-defined boundary with the surrounding mucosa and a diameter larger than its height; the lumen is not visible. B. SPICE 1-2: the edge with the surrounding mucosa is sharper, the diameter is larger than its height, and the lumen is not visible. C. SPICE 2-3: protrusion with sharp edge with the surrounding mucosa, the diameter is shorter than its height and the lumen is not visible. D. SPICE 3-4: this protrusion has a sharp edge with the surrounding mucosa, a diameter shorter than its height and the lumen is visible. The final score in each example depends on the duration of the image (less or more than ten minutes, respectively).
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previously reported in the literature, increasing age was a predictive factor for the diagnosis of a small bowel lesion. Also, our data support the current understanding of the most common form of presentations of SBTs, such as iron deficiency anemia and obscure GI bleeding, which were also predictors of the diagnosis of lesions. Considering each criteria of SPICE, the characteristics of the boundaries with the surrounding mucosa and the diameter of the protrusion comparatively to its height presented discriminating capability between a lesion and an innocent bulge, and may be the main focus of attention of the capsule reader. On the other hand, neither the visibility of the lumen or the duration of the image lesion allowed the distinction between the two entities.
The score and the proposed cut-off proved globally to be an excellent discriminative instrument between SBSL and innocent bulges. A SPICE > 2 presented a sensitivity of 67% and a specificity of 100%, corresponding to four false-negative and zero false-positive findings. Regarding the false-negative rate, only one lesion with malignant potential, namely a GIST, was missed by the score; the remaining were benign lesions, without the need of subsequent therapy or prognostic significance. The misidentified GIST was histologically diagnosed after resective surgery and was found to have extra-luminal growth that is extrinsic to the small bowel wall. This characteristic together with a fast protrusion time interval and its relatively small size hampered a higher SPICE score and a correct classification. Even with these features, the clinical suspicion of this lesion was high and the patient underwent enteroscopy and subsequently surgery that allowed an accurate diagnosis. SPICE may help the endoscopist to estimate the probability of a submucosal lesion with an excellent degree of confidence, especially for ruling out the presence of a lesion and identifying innocent bulges, and may also be a major tool to aid the tricky interpretation of small bowel protrusions with overlying normal mucosa.
The present study has a few limitations. Primarily, it is a retrospective study of a referral population and part of the initial evaluation of some patients, including endoscopy and colonoscopy, was also performed at other centers. The number of enrolled patients is relatively small, the rarity of small bowel tumors and the strict exclusion criteria such as the exclusion of protrusions with suspicious criteria are the main reasons for this. Although all patients with a submucosal tumor had a histological diagnosis, this was not available in all patients of the innocent bulge group. However, normal findings during the subsequent studies performed as well as the long, uneventful follow-up increase our confidence in the accuracy of the final diagnosis of these patients.
This work also has important merits. The protrusions were classified by two independent endoscopists via detailed analysis of the whole video segment where they appear, enabling a rigorous stratification of each one of them. The strict exclusion criteria enabled us to select only protrusions that create doubts in clinical practice, making interpretation of the results more valuable. The median follow-up of the patients was prolonged, mainly of the innocent bulge group. Although relatively small, the number of protrusions included was higher than in the study by Girelli et al., confirming their results and allowing a more realistic and precise estimation of the utility of the score.
In conclusion, attempts to distinguish SBSLs from innocent bulges rely mainly on the presence of suspicious characteristics. SPICE is a recently developed scoring system based on simple morphologic and temporal criteria, easy to classify and useful for distinguishing both of them when these suspicious characteristics are absent. Our results are generally in agreement with those by Girelli et al. proving the accuracy of the score and its potential clinical benefits. Taking into account the lower incidence of SBTs, its use may avoid unnecessary small bowel studies and even inappropriate surgery. On the other hand, it may allow the diagnosis of tumors at an earlier stage, possibly improving the prognosis of patients. Prospective studies with larger numbers of patients may be required to further analyze the diagnostic and therapeutic impact of SPICE and confirm these data.
